Testing the Prototype Spiral Magnetic Filter by Stockmaster, Alexander et al.
TSM 416 Technology Capstone Projects Undergraduate Theses and Capstone Projects 
4-2020 
Testing the Prototype Spiral Magnetic Filter 
Alexander Stockmaster 
Iowa State University, astock@iastate.edu 
Jacob Miles 
Iowa State University, jnmiles@iastate.edu 
Clayton Waldschmidt 
Iowa State University, cew@iastate.edu 
Brian L. Steward 
Iowa State University, bsteward@iastate.edu 
Michael Anderson 
Iowa State University, mea1@iastate.edu 
See next page for additional authors 
Follow this and additional works at: https://lib.dr.iastate.edu/tsm416 
 Part of the Bioresource and Agricultural Engineering Commons, and the Industrial Technology 
Commons 
Recommended Citation 
Stockmaster, Alexander; Miles, Jacob; Waldschmidt, Clayton; Steward, Brian L.; Anderson, Michael; and 
Koziel, Jacek A., "Testing the Prototype Spiral Magnetic Filter" (2020). TSM 416 Technology Capstone 
Projects. 59. 
https://lib.dr.iastate.edu/tsm416/59 
This Report is brought to you for free and open access by the Undergraduate Theses and Capstone Projects at 
Iowa State University Digital Repository. It has been accepted for inclusion in TSM 416 Technology Capstone 
Projects by an authorized administrator of Iowa State University Digital Repository. For more information, please 
contact digirep@iastate.edu. 
Testing the Prototype Spiral Magnetic Filter 
Problem Statement 
o Fleenor Mfg. is a small family-owned company based in Pella, Iowa. They look for unique problems to 
solve in the agricultural, construction, forestry, mining, and utility vehicle markets. Fleenor Mfg. It 
manufactures a wide variety of filters and hydraulic components. Their customers range from individuals 
to large scale companies such as John Deere. 
o Our client has a patent-pending design for a spiral magnetic filter to filter out contaminants from various 
types of fluid. Fleenor Manufacturing needed data to prove the effectiveness of the filter. 
o Fleenor Mfg. Needed data to be able to prove to companies interested in the product that it efficiently 
filters contaminate particles out of hydraulic fluid. If successful, the spiral magnetic filter has the 
possibility to be marketed to companies to use on hydraulic equipment. 
o Baseline testing of the stand and testing of a standard sieve filter was completed to prepare the next 
team that will take over this project 
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1 PROBLEM STATEMENT   
Problem Statement 
o Fleenor Mfg. is a small family-owned company based in Pella, Iowa. They look for unique problems 
to solve in the agricultural, construction, forestry, mining, and utility vehicle markets. Fleenor Mfg. 
It manufactures a wide variety of filters and hydraulic components. Their customers range from 
individuals to large scale companies such as John Deere. 
o Our client has a patent-pending design for a spiral magnetic filter to filter out contaminants from 
various types of fluid. Fleenor Manufacturing needed data to prove the effectiveness of the filter.  
o Fleenor Mfg. Needed data to be able to prove to companies interested in the product that it 
efficiently filters contaminate particles out of hydraulic fluid. If successful, the spiral magnetic filter 
has the possibility to be marketed to companies to use on hydraulic equipment. 
o Baseline testing of the stand and testing of a standard sieve filter was completed to prepare the 
next team that will take over this project    
Business Case Statement -  
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A. Every engine and piece of hydraulic equipment wears down during normal use. When this wear 
happens, metal particles are introduced into the system. 
B. This problem occurs in all equipment with moving parts after standard usage. 
C. This provides an opportunity to market a proven filter that can filter out contaminants caused 
by normal wear and tear of a system. 
2 MAIN OBJECTIVE:  
 Main Objective(s) and Specific Objectives  
The main objective was to design and test a spiral filter at three different flow rates.  
Determine the efficiency of contaminate removal in a spiral filter compared to a 
standard 40-micron filter. 
 Specific objectives include: 
 Design and test a spiral magnetic filter that fits all the following criteria and constraints: 
 An existing test stand is to be used for collecting the data. 
 The test stand is located in Dr. Brian Steward’s hydraulic fluid 
laboratory, located at Iowa State University, Ames, Iowa. 
 Baseline testing and testing of a standard sieve filter at three flow rates 
 The particle counters that are used in the test must be calibrated correctly. 
 Rationale 
o Our client will be able to market this product to many different companies in the industry 
after the filter is proven to work. 
o The magnetic spiral filter will be able to filter out particles smaller than conventional 
filters. 
o Machine and engine life will be extended due to the filtration abilities of the filter. 
 
 Project Scope 
o The scope of the project had to be adjusted as production and testing was delayed 
multiple times. 
o Fleenor Mfg. utilized current employees to cut and weld metal parts  
o Due to the closing of campus during the spring 2020 semester, the final scope of the 
project had to considerably be cut down 
 The testing of the filter was not able to be completed  
 The manufacturing of the filter and the pilot testing was completed 
3 METHODS/APPROACH 
A. Methods/Approach 
o Data collection:  
o The data we collect includes the upstream and downstream particle count 
measured using particle counters on the hydraulic test stand (Fig 1.1) 
o Skills:  
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o Troubleshooting the particle counters proved to be the most difficult task that 
required using skills learned in TSM 337 (Hydrostatics) 
o Advanced manufacturing and CAD skills were essential in producing the 
prototype  
o Solutions:  
o The Beta ratio is calculated by using the downstream particle count divided by 
the upstream particle count. 
o This metric is used to determine the efficiency of the filter compared to standard 
filters. (standard spin-on data: figures 3.1-3.8) 
o Client feedback played a large role in determining changes to the design of the 
filter.  
o Organization:  
o The team utilized cloud storage to collectively work on, and share documents 
related to the project, weekly meetings with the clients were also utilized.  
o There are three major milestones used: the production of the prototype, the 
testing of the filter, and the completion of the manuscript to be published 
o The team responded to setbacks be adjusting the schedule and assigning tasks 
to be completed in a timely manner 
4 RESULTS  
Results/Deliverables 
o Design and manufacture a 3d printed module filter 
o The project was not completed to the original full scope 
 The team had to forgo testing due to delays in the project progress in the Fall of 
2019, equipment breakdown, and campus closing post Spring Break.  
 The progress on the peer-reviewed manuscript and magazine article stopped 
due to the cancellation of testing  
o The current data collected for the standard sieve filter and the baseline testing for the 
stand was compiled for the next team to take over the project  
o A document was prepared to contain standard operating procedures for the test stand 
and how to sue the prototype filter    
Recommendations 
o Our team recommends that further testing be completed using the original three flow 
rates to obtain data to be able to calculate the beta ratio for the prototype filter 
o Fleenor Mfg. should follow up with companies that have expressed interest in testing 
this product further. 
 The team recommends that further testing with higher flow rates be completed 
with those companies  
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5 BROADER OPPORTUNITY STATEMENT  
A. This project not only appeals to companies but also to individuals interested in prolonging the 
life of their equipment. 
B. This project has the possibility to affect an entire industry. If enough companies are interested in 
this filter, it could become commonplace. 
C. Agricultural, construction, forestry, mining, and mobile vehicle industries can adapt this filter for 
different fluid filtration usage.  
6 GRAPHICAL ABSTRACT  
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7 APPENDIXES 
 
Figure 1.1 Test Stand Schematic   
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Figure 2.1 No Filter Pilot Test 1
 
Figure 2.2 No Filter Pilot Test 2 
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Figure 2.3 Spin-On Pilot Test 1 
 
Figure 2.4 Spin-On Pilot Test 2  
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Figure 3.1 Spin-On 0.4 GPM Downstream 1
 
Figure 3.2 Spin-On 2.2 GPM Upstream 1 
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Figure 3.3 Spin-On 2.2 GPM Downstream 1
 
Figure 3.4 Spin-On 2.2 GPM Upstream 2 
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Figure 3.5 Spin-On 2.2 GPM Downstream 2
 
Figure 3.6 Spin-On 2.2 GPM Upstream 3 
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Figure 3.7 Spin-On 2.2 GPM Downstream 3
 
Figure 3.8 Spin-On 4.5 GPM Upstream 1 
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Figure 3.8 Spin-On 4.5 GPM Downstream 1 
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